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NASA TT F-10,968

DETERMINATION OF THE RADTIANTS, ALTITUDES AND VELOCITIES
OF METEORS OBSERVED IN KTEV IN 1959

Yu. N. Krivutsa, V. G. Kruchinenko and L. M. Shul'manl

ABSTRACT. Data are presented on photographic obser-
vations of meteors at the Kiev State University Astronomi-
cal Observatory in 1959. A brief description is given of
the method of analyzing photographs of reference meteors
for determining their radiants, altitudes, velocities and
deceleration. The results are given for measurements of
eight reference meteors.

In 1959, at two field stations of the Kiev University Astronomical Cbser- 25%
vatory in the villages of Lesnika and Tripol'ye, systematic photographic ob-
servations of meteors were carried out in accordance with the IGY and IGC pro-
gram (ref. 1).

Photographic scanning was conducted by the AS-11 meteor patrols (ref. 1) on
all clear, moonless nights, partially on Panchromatic aerial photofilm with a

sensitivity of Sdo 85+do=1000-1500 GOST (Goverment Standard) units and partially

on Isopanchromatic aerial photofilm type DK.

Table 1 presents data on the duration of observations and the number of
meteors photographed at each station individually and common to both stations.

TABIE 1.
Observations
Point A | Point B | Number common
Number Lesnika |Tripol'ye | to both points
of observation nights 106 87 T2
of hrs of observation Loo 389 283
of meteors photographed 54 66 8

The meteor negatives were measured on the KIM-3 coordinating and measur-
ing apparatus by two co-workers, one of whom made two aims each, both directly
and in reverse position of the reversible lens while the other made one control
measurement of each point. The picture was oriented such that the x-axis was
directed along the image of the meteor. We measured the Y images of the meteor,
the XY ends of the intervals (marks) in the images of the reference stars, the
XY ends of the intervals of the meteor image on the photograph made through an
obturator and the XY intersections of the reference stars with a meteor trail.
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The mean positions of the reference stars were extracted from the AK2 or
BOSS catalogs with an accuracy to 1" and were thus related to the 1950.0 equinox.

The points of intersection of the meteor with large circles passing through /26
two marks at the reference stars on different sides of the meteor were selected
to serve in the capacity of base points. Their coordinates were selected by a

method described by A. N. Deych (ref. 2).

Further handling of photography in both features corresponds to that used
at the Odessa Astronomical Observatory (ref. 3), but each individual step more
or less naturally differs from it. Therefore, formulas which we used in our

processing are presented below.

In all computations we used the direction cosines of the radius-vectors of
the base points in the coordinate system related to the observation point. The
beginning of the coordinates of the system 1s at the center of the camera objec-
tive, the axis 07 is directed toward the target pole, OX to the point of inter-
section of the meridian with the equator, OY to the west point. An arbitrary
point in the celestial sphere with coordinates t6 was determined by the unit

vector with components

a=cosdcosé, b=cosdsint, c=sind.,
The direction cosines of the pole of the large circle (ap,bp,cp) can be found

from the condition of orthogonality of the unit vector directed toward the
pole with all vectors of the base points

{@oss bous Cotl:
Pol+beK+cPCOI_’0 (1)
i=0,12,...,n
To avoid losses in accuracy in calculation of divisors during solution

of system (l) by the least squares method, we applied the following method.
The coordinates of the pole of the large circle were determined; it was derived

through the limiting reference points:

o = LA iv,bm. | B~ :‘ bg’*, _ Co ',
.‘A%+B“p +c,, e VAp+Bp+C§» VA& +B G
where _ - - , S
Ap:boncon_bmcol; By = Cy8y,— 5 Coni  Cp = ayby, — G, by
0 0
Then the a;O), b; ), C( )which were obtained were refined.



Let the refined values of the polar ¢coordinates be

@, =a® £ Aay; b, =b0 4 Db, cp=c® + Acy, (2)
Then Aap,Abp can be determined, solving by means of the least squares method
with

a®’ o\, b (0)
'(aoz""c’;_p)‘col) Aa, + (bw—- -ngcm Ab, = —sin Ry, (3)

where ROi is the angle of inclination of the i-th reference point from the large

circle with the pole aﬁo), b(o), C;O);

P P

.' (o«) . Ry . \

sin R, = apafd + bobY + co:‘:g)'\ (L)
we calculate Acp by the formula f27

aP b
Ac, = — o Aap_"—‘c(m Ab,. (5)
P P
The algorithm.(E)—(h) is valid under conditions singRég)xD. These formulas are
suitable to use if c(o) from the three numbers aéo),béo),céo) is found to be the
p

greatest in terms of absolute quantity; however, if some other number

is greatest, in (3) and (5) it is then necessary to apply the cyclic trans-
position of variables such that in the denominators we find the greatest (in
absolute quantity) of the direction cosines.

Having determined the corrections Aap,Abp,Acp, we find the polar coordinates
(2) and inclination of the reference points sin ROi from the refined large circle,

substituting into (4) the direction cosines of the refined pole. Analysis of
the quantities sin ROi permits us to locate the reference points with wrong

coordinates. Such points were eliminated and calculations (3)—(5) were repeated,
while the corrections to the pole already corrected weresought. After deter-
mination of the coordinates of the poles of the large meteor circles correspond-
ing to two photographs of the meteor obtained from different points, the dir-
ectlion cosines of the radiant were determined as coordinates of the pole of

the large circle passing through the pole of the meteor circles on both photos

- C \
R - R
R~ 5inQ’ R SmQ', - (6)
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where

AR = prch - prCPA' BR .= Cpa®pg — CppPpar

CR = apApr - aPBbPA;

aR’bR’ cg are the direction cosines of the radiant; Q is the angle of convergence

of the large meteor circles, while

sinQ=+ VAL + B +C} -

Whence the coordinates of the radiant

6R = are sinl’.R.
by
arcfan -~ for a, >0,

R (1)
b
ar an E’i' + l800 for aR < 0-

Because formulas (6) and (7) give the coordinates of the radiant or anti-
radiant as a function of the selection of the sign sin Q, it is necessary to
verify that the point (aR,bR, cR) lies on the horizon. This can be done by cal-
culating the cosine of the zenith distance

COSZp = Ay COS @ ~+ CoSin @y, \
where cpA is the geocentric latitude of the point A. If it is found that cos

ZR<O’ the signs in aR,b must be changed to the opposites.

R’ °R
To determine the velocities and decelerations we must know the angular
distances of the ends of the intervals from any point to a meteor whose coordi-
nates {a,o,bo, co} are known. One of the reference points may be selected in the

capacity of the latter. The angles }\Oi of the remaining reference points are

found from this basic one by conditions
€05 Aoy = g,y + by,by + Co/Cr (8)

Knowing that )\Oi and XOi are the measured coordinates of the points, it is

N
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possible to determine the scale in the intervals between the reference points
and then, having constructed a graph of the scale, we find that )\j is the angular

distances from the ends of the intervals to the basic reference point.

The linear distance from the point with the obturator apparatus to the basic
point on the meteor was determined by the formula

a5+ bpgh + €ppC
pu% F Yppbo + Cppto’ |

fo=Boa

where BO is the length of the reference chord and a,b,c are the direction cosines

of the reference chord in the system of point A.

The elongation of the basic reference point from the radiant was found from
the relationship

cos P, = a a,+ b b, + cRco.\

The linear distance from the basic reference point at the meteor to the
point at a distance from it at the angle A, is equal to
J

sin A’I \
=
sin P, + 7», |

It 0 (see figure) is the geocentric radius-vector of the point Aj gj is

the radius-vector of the point on the Earth's surface (in our case Earth is the
Krasovskiy spheroid) to which the j-th point on the meteor is projected; fo is

the topocentric radius-vector of the basic reference point on the meteor and ITJ.

is the vector passing from the basic reference point to the arbitrary point on
the meteor, the altitude of this point is obviously equal to

Hy=1v s+ 70+ L) =0 (8)

Considering that

Qulo =@ 7o €05 20,
QaL; = QL, coszp,

rd, = —rol, cos 'l

where Z4 is the zenith distance of the basic reference point on the meteor;



R

zenith distance of the radiant, expression (8) is rewritten in the form

¢O is the elongation of the basic reference point from the radiant; z_ is the

o~

A Gy EE R e

- ' N | SR (9)
e rolL / ‘ o
— 2 ==L} cos ‘"‘]-
( Q4 o= Cal _
It is helpful to approximately extract the
root in (9), having expanded it in series by
the roots
roL
ot
and, rejecting series expansion of terms whose
sum 1s less than 5 m, we obtain
Hy=hy+hL, + kL] + Mg,
Transit Apparent Radiant Corrected No.
Meteor moment - A £
No Date UT radiant o
: In-
tervals
t 1950.0 | §1950.0 | «1950.0§ §1950.0
45m5gs 290°29 | 38°46 224°07 | 38°35 £41 23
3 Toes 1% 2245750 2847 | 3052 18250 | 29 44 33| 16 4
i a8 19591V 8 19 55 58 326 11 |—13 11 200 06 =15 40 - 9,6 32
39 1959 VI, 30 21 4441 5154 | 6937 21448 | 5320 1,3] 8
40 1959 VIII, 4 23 45" 11 30446 | 5926 | 3459 | 6936 6,6] 34
41 1959 vIil,8 | 2033 35 4245 | 5506 248.20 5420 ; |3,3] 18
) 1959 VIIL,14 | 036 27 32919 | 3344 81°a7 | 3846° 36| 8-
. 43 1959 Viii; 1 069 12 31808 | 5924 | . Aad7| B34 1138 26
\ where R
I r2 23 \
bo=ry coszo-{- 2@ sin3zy — (2 ),sm zo sin 2zo,f=
h, =-—-cosz + o (cosz, coszR-—cosq;o)
QU (10) /30

: .
hy = E§‘n‘zk' cos 2, = @, coscpoA-i-c singys Ae, =0, —0
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The correction Agj can be calculated by using the relationships

. ‘Qii- a g a
AT VI + esin® g, 1 W'a

. UL
where

-y
I
- ‘1—-5,-”-'- 0,0067385;

a and b are the major and minor semiaxes of the Krasovskiy Earth spheroid; cp
is the geocentric latitude of the j-th point.

TABLE 2.
H
V M Hl' H’r sin Q HB, WB, Ll', W)-{-’ Rema,rks
ph max KM KM 2 -
km/sed |km | km/sed| km Ek:m/sec
52,2 | .—3m8§ |103,0{ 80,8 | —0,550 | — - - - - l
28,0 —1,7 | 86,1|81.2] 0,0075 — - - - -
31.9 —2.,2 | 92,4 88,9 0,0334 — - — — |virginias
we | 3 lioealee| o ses] 7 |enal T |BoSTes
22,0 —tls |ersl8a7| ool — | — 2| = |Perseids
\ 68,3 -3 ,7 97,1} 90,56 0,395 [.94,4 37 - |91,9] 213 -
. 60,1 7,0 106,9] 81,6 0,232 — T — — =~ tPerseids
})rlghter .

Decomposing the expressions for 0y and pj into series and limiting the

first terms, since even the difference between the second terms cannot exceed
hm, we obtain

) ae ’ . ’ . ’ N . '
Ag, =3 (sin® ¢, — sin? g,) = 21490 (sm’(p,—sm_cpA)‘ B (%))
There remains the unknown geocentric latitude.
It can be determined from the figure thusly:

- (Q, + H,) 3
sintq; = L —F,
: (@ +H,)
where ( 6,-}-17, )§ is the projection of the siven vector on the € axis. It is
not difficult to show that
(6, + H,)% = (QA Siﬂ ‘PA + ’0';0[ - IYR)"
+Hy= Q3‘+f2+L +2QAf cosz,— 2¢,L, cosz, 2roL,cos1p°.
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For calculation of q% it 1s also possible to use the formula

sintp;= QASin(P;‘+f;'-Y°|——LI‘YR
P Ryt hL 4 hL 4o,

where hO’ hl and. h2 have the same value as in formulas (lO). These coefficients

are constant for the whole meteor, and therefore application of these formulas
is especially suitable for determing the altitudes of a large number of points.

The velocity and deceleration were determined graphically. To do so, the
moments of the intervals within one cycle were determined by interpolations,
then the curves L=L(t) were constructed, where « is the time computed from the
initial point on the meteor. After smoothing, graphic differentiation was used
to obtain the curves

v=uv(r)and w=w(x).

Results of operation are given in table 2, where A is angular length of the
meteor in degrees; v, is the preatmospheric velocity; Mﬁh max is the maximum

photographic brilliance; Hl and H2 are the altifudes of the appearance and dis-

appearance; w, and W) are deceleration at the points whose altitudes are re-

3
spectively H3 and Hh'
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